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Møller NC, Grøntved A, Wedderkopp N, Ried-Larsen M,
Kristensen PL, Andersen LB, Froberg K. Cardiovascular disease
risk factors and blood pressure response during exercise in healthy
children and adolescents: The European Youth Heart Study. J Appl
Physiol 109: 1125–1132, 2010. First published July 15, 2010;
doi:10.1152/japplphysiol.00316.2010.—Raised blood pressure (BP)
response during exercise independently predicts future hypertension.
Subjects with higher BP in childhood also have elevated BP later in
life. Therefore, the factors related to the regulation of exercise BP in
children needs to be well understood. We hypothesized that physio-
logical cardiovascular disease (CVD) risk factors would influence BP
response during exercise in children and adolescents. This is a
cross-sectional study of 439 Danish third-grade children and 364
ninth-grade adolescents. Systolic blood pressure (SBP) was measured
with sphygmomanometer during a maximal aerobic fitness test. Ex-
amined CVD risk factors were high-density lipoprotein (HDL)- and
low-density lipoprotein (LDL)-cholesterol, triglyceride, homeostasis
model of assessment of insulin resistance (HOMA-IR) score, body
mass index (BMI), waist circumference, and aerobic fitness. A ran-
dom effect model was used to test the hypotheses. In boys, HOMA-IR
score and BMI were positively related to SBP response during
exercise (  1.03, P  0.001, and   0.58, P  0.017, respec-
tively). The effects sizes of HOMA-IR score and BMI and the
significance levels only changed slightly (  0.91, P  0.004, and
  0.43, P  0.08, respectively) when the two variables were added
in the same model. A significant positive association was observed
between aerobic fitness and SBP response in girls (  3.13 and P 
0.002). HOMA-IR score and BMI were found to be positively related
to the SBP response in male children and youth. At least partly,
adiposity and insulin sensitivity seem to influence exercise SBP
through different mechanisms. The positive relationship observed
between aerobic fitness and SBP response in girls remains unexplain-
able for us, although post hoc analyses revealed that it was the case in
the ninth graders only.
insulin sensitivity; adiposity; vascular response; peripheral resistance
BLOOD PRESSURE (BP) varies acutely from rest to different
activity intensity levels within and between individuals, and
raised resting and exercise BP are recognized as established
predictors for cardiovascular diseases (CVD) and mortality
(34, 51, 53).
Studies have shown that exaggerated BP response during
exercise is associated with left ventricular hypertrophy (21),
endothelial dysfunction (43), and carotid atherosclerosis (23).
Furthermore, a number of studies have shown that the infor-
mation gained from assessing BP during exercise testing yields
valuable information on CVD risk prediction and new onset of
hypertension beyond resting BP (34, 42), although controversy
to the prognostic significance of BP response during exercise
still exists (48).
Given that raised exercise BP response appears to be related
to the development of hypertension and CVD it is important to
identify the factors that may relate to BP reactivity. This could
be especially important in childhood, since there is growing
evidence that hypertension is established at an early time point
in life as recently indicated in a review/meta-analysis of cohort
studies where moderate BP tracking was demonstrated be-
tween childhood and adulthood [e.g., mean tracking correlation
coefficients of 0.38 and 0.28 for systolic blood pressure (SBP)
and diastolic blood pressure (DBP), respectively] (10). How-
ever, the physiological risk factors and mechanisms thought to
be related to impaired BP regulation during exercise in children
still need to be elucidated. Thus, while the association between
exercise BP and established CVD risk factors, such as insulin
resistance and hypercholesterolemia, has been documented
in adult populations (7), previous studies in children have been
limited to selected subgroups such as individuals with hyper-
cholesterolemia (24) and individuals with a family history of
CVD (47). Currently, no population-based studies have, to our
knowledge, investigated these associations in healthy subjects
during youth.
Therefore, in the present study the purpose was to examine
whether conventional physiological CVD risk factors including
insulin sensitivity, blood lipids, adiposity, and cardiorespira-
tory fitness associate to BP response during an acute maximal
bicycle exercise test independently of resting BP. These hy-
potheses were tested in a population sample of healthy Danish
children and adolescents.
MATERIALS AND METHODS
Participants and Sampling
This is a cross-sectional study of children and adolescents partic-
ipating in the Danish part I of the European Youth Heart Study
(EYHS) (41). The 8- to 10-yr-old children (3rd grade) and 14- to
16-yr-old adolescents (9th grade) all lived and attended public schools
in the municipality of Odense, which is the third largest city in
Denmark. All subjects were randomly sampled through a two-stage
cluster sampling from 25 different schools stratified according to
location (urban, suburban, and rural) and the socioeconomic character
(high, middle, and low) of its uptake area. Seven hundred seventy one
third-grade children and 657 ninth-grade adolescents were sampled
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and invited to participate. In the end, 590 children (310 girls and 280
boys, in all 76.5% of the invited children) and 429 adolescents (223
girls and 206 boys, in all 65.3% of the invited adolescents) partici-
pated in the Danish part I of the EYHS. A more detailed description
of the sampling procedure has been described elsewhere (41).
Measurements
Anthropometry and puberty. Body height to the nearest 0.1 cm and
body weight to the nearest 100 g were determined by standard
anthropometric methods, using a SV-Seca 710 stadiometer and beam
scale weight (Seca Precision for Health, Hamburg, Germany). Body
mass index (BMI) was calculated as weight/height2 (kg/m2) and used
as a measure for body fat. Waist circumference was measured midway
between the lower rib and iliac crest after a gentle expiration and used
as a measure for abdominal fat deposit. Assessment of puberty status
was based on Tanner’s 5-point scale of pubic hair stages for boys and
Tanner’s 5-point scale of breast development stages for girls (44). For
the 8- to 10-yr-old children, the distribution of puberty stage was
almost exclusively distributed within two stages (i.e., Tanner 1 and 2),
whereas nearly all data were distributed within three stages (i.e.,
stages 3–5) in the 14- to 16-yr-old adolescents. Therefore, puberty
status was collapsed to a 3-point ordinal variable (i.e., “1”  Tanner
1, “2”  Tanner 2–3, and “3”  Tanner 4–5) to reduce degrees of
freedom.
BP and heart rate during rest and exercise. Resting BP was
measured using a Dinamap pediatric and adult neonatal vital signs
monitor (model XL, Critikron, Inc, Tampa, FL). Cuff sizes that were
selected according to arm circumferences were child (e.g., 12–19 cm),
small adult (e.g., 17–25 cm), and adult (e.g., 23–33 cm). Five
measurements were taken with a 2-min interval apart, and the mean of
the final three measurements was used in all analyses. The Dinamap
monitor has been validated against direct radial artery readings in
children (mean error 0.24 mmHg SBP, 1.28 mmHg DBP) (38).
Exercise SBP and heart rate (HR) were measured during a graded
indirect maximal aerobic fitness test that also has been described
elsewhere (41). The test was performed on a computerized Monark
839 Ergomedic cycle ergometer (Monark Exercise, Vansbro, Swe-
den). Four different test protocols were applied: 1) for 8- to 10-yr-old
children weighing less than 30 kg, initial and incremental workload
were 20 W; 2) for 8- to 10-yr-old children weighing more than 30 kg,
the workloads were 25 W; 3) for 14- to 16-yr-old girls the workloads
were 40 W; and 4) for 14- to 16-yr-old boys, initial and incremental
workloads were 50 W. The workload was gradually increased every 3
min until exhaustion. The criteria for exhaustion were as follows: 1) HR
above or equal to 185 beats/min, 2) the individual could not maintain a
pedaling frequency of at least 30 revolutions/min, and 3) a subjective
judgment by the observer. Aerobic fitness was expressed as peak watt
relative to body weight.
SBP and HR were taken at the end of each 3-min workload during
the test, using a Hawksley random-zero sphygmomanometer and a
Polar Vantage NV HR monitor (Polar Electro Oy, Kempele, Finland),
respectively. All SBP measurements during exercise were performed
by the same trained researcher. We were not able to obtain reliable
measures of DBP due to difficulties in measuring this while the
participants were exercising. Thus only the SBP are analyzed in this
study.
Blood samples. Blood samples were taken in the morning after an
overnight fast and after application of an anesthetic cream, using the
antecubital vein of the children. Self-reported nonfasting participants
were excluded from the analyses. Blood samples were aliquoted and
separated within 30 min of venipuncture and stored at 80°C until
transported to a the World Health Organization-certified lab at the
University of Bristol for analysis.
As a measure for insulin sensitivity we used the homeostasis model
of assessment of insulin resistance (HOMA-IR). The model is based
on fasting insulin and glucose levels, computing HOMA-IR as the
product of glucose (mmol/l) and insulin (U/ml) divided by the constant
22.5 (28, 31). Serum glucose was measured by the hexokinase method,
and serum insulin was measured by enzyme immunoassay (microtiter
plate format; Dako Dianostica, Ely, UK). Triglyceride was analyzed
using the lipase/glycerol kinase/glycerol phosphate oxidase enzymatic
method. High-density lipoprotein (HDL)-cholesterol was analyzed using
the homogeneous polyanion/cholesterol esterase/oxidase enzymatic
method. Blood lipids and glucose were measured on an Olympus AU600
autoanalyzer (Olympus Diagnostica, Hamburg, Germany). Low-density
lipoprotein (LDL)-cholesterol was calculated using the Friedewald equa-
tion (18).
Ethics
The study was approved by the local scientific ethics committee
(case no. 96/272) and performed in accordance with the Helsinki
Declaration. All parents gave written informed consent for their child
to participate, and all children/adolescents gave verbal consent.
Statistics
Examined risk factors. The following traditional physiological
CVD risk factors were examined in this study: HOMA-IR score,
HDL-cholesterol, LDL-cholesterol, triglyceride, aerobic fitness, and
two different proxies for body fatness/body composition: BMI and
waist circumference.
Statistical modeling. A conventional random effects model with
random intercept and random slope in “XTMIXED” program
(STATA version 11.0) was used to examine the associations between
conventional physiological CVD risk factors and acute SBP response
during the graded maximal bicycle exercise test.
Two models were estimated in sequence. Model 1 tested whether
the CVD risk factors were associated with the level of SBP response
during the graded exercise test by using information across all work-
loads. Model 2 tested whether the association between CVD risk
factors and SBP response changed across the different workloads
(workload  CVD risk factor) during the graded exercise test.
Schools and the individual subjects were treated as random effects
to allow for nested SBP within schools and individuals over the level of
intensity of exercise (i.e., workloads). A random slope component esti-
mated across the different intensity of exercise was included in the model
based on a log likelihood test, which revealed a significantly (P 
0.0001) improved model compared with a random intercept model.
The choice of the mixed model complies with the fact that not all
subjects exercised the same amount of workloads as the test was
continued until exhaustion, and that a number of subjects had single
missing values of SBP at certain time points during the test (11).
The random effect model was also applied to test for general
differences in the SBP- and HR responses to exercise across sex and
age groups.
Identification of covariates. Chronological age, school grade, pu-
berty status, sex, body height, resting SBP, exercise HR, and test
protocol were all selected a priori as potential fixed effects in the mixed
models. Furthermore, possible covariates  workload interactions were
examined with the main effects included. Only exercise HR, body height,
school grade, resting SBP, and test protocol showed relation to SBP
response during exercise. Furthermore, the workload school grade and
workload  resting SBP interactions were kept in the final models as
fixed effects since these were significant predictors of SBP response
during exercise.
RESULTS
Participant characteristics are shown in Table 1. Of the 590
third-grade children and 429 ninth-grade adolescents who par-
ticipated in EYHS-I, 439 children and 364 adolescents had
valid BP measured during the maximal aerobic work test,
meaning that 151 children and 65 adolescents subjects were not
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included in this study due to the fact that BP was not measured
during exercise in the first month of the study. Of these 439
children and 364 adolescents, 367 children and 331 adolescents
had valid information on all data parameters examined in the
present study.
Association Between CVD Risk Factors and BP Response
Measured During a Graded Maximal Aerobic Performance
We observed a significant sex-dependent association be-
tween HOMA-IR score and exercise SBP response (P  0.002
for HOMA-IR  sex) and a borderline significant association
between BMI and exercise SBP response (P 0.08 for BMI
sex). Therefore, all analyses examining the association be-
tween CVD risk factors and exercise SBP response were
performed across sex.
Raised HR- and SBP levels were observed as the exercise
workload increased during the graded maximal exercise test (P
0.001). Boys exercised at more workloads than girls, and ninth
graders exercised at more workloads than third graders (P 
0.001). The HR response to exercise was higher in girls than in
boys in both third graders (P  0.001) and ninth graders (P 
0.007). HR was higher in third-grade girls than in ninth-grade girls
(P  0.001) and also higher in third-grade boys than in ninth-
grade boys (P  0.002). Exercise SBP response was raised in
ninth-grade boys compared with ninth-grade girls (P  0.001).
No differences were observed in SBP responses to exercise across
sex in third-grade children (P 0.59). In both girls and boys, the
SBP response to exercise was higher in ninth graders than in third
graders (P  0.001) (Table 2).
The results of the sequence of the mixed models for SBP
response during the graded maximal exercise test are presented in
Table 3. The results obtained in model 1 revealed that in boys,
HOMA-IR score and BMI were positively related to the overall
level of SBP response during exercise (  1.03, P 0.001, and
  0.58, P  0.017, respectively). The workload  HOMA-IR
score and the workload  BMI interactions in model 2 were not
significant, meaning that no joint effects were observed between
CVD risk factors and workloads when examining the relationship
with SBP response during exercise.
A significant positive association was observed between
aerobic fitness and SBP response in girls (  3.13 and P 
0.002). No significant interactions were observed between any
of the examined CVD risk factors and workloads in girls.
Independent Effect of Insulin Sensitivity vs. Body
Composition in Boys
Moderately high correlations were observed between BMI
and HOMA-IR score in boys (r  0.42 and P  0.001),
indicating the relevance of further examining the independent
relationship between HOMA-IR/BMI and SBP response dur-
ing exercise. When HOMA-IR score and BMI were added in
the same model to control for the intermediated effect,
HOMA-IR score was found to be the only parameter signifi-
cantly related to exercise SBP (  0.91, P  0.004). How-
ever, the effects size of BMI, as well as the level of signifi-
cance, only changed slightly (  0.43, P  0.08) (Table 4).
DISCUSSION
To the best of our knowledge this is the first study to
examine the association between conventional CVD risk fac-
tors and BP response during acute exercise in a large repre-
sentative sample of randomly selected healthy children and
adolescents.
We found that HOMA-IR score was positively associated
with SBP response during exercise in boys. This relationship
remained significant after controlling for resting SBP, exercise
heart rate, body height, school grade, test protocol, and work-
load. In boys, we also found a significant positive relationship
between BMI and SBP response. When adding BMI and
HOMA-IR score in the same model the effects sizes of BMI
and HOMA-IR score, as well as their levels of significance,
only changed slightly, indicating that adiposity and insulin
sensitivity at least to some extent could influence the regulation
of SBP during exercise through different mechanisms.
A positive association has previously been observed be-
tween HOMA-IR score and BP response to exercise in nondi-
abetic adults with (39) and without (37) hypertension. Further-
more, BMI levels have been found to be related to exercise BP
response in obese adolescents (8, 9). These studies used, like
Table 1. Basic subject characteristics across age groups
and sex
8- to 10-Yr-Old Children 14- to 16-Yr-Old Adolescents
n (%) n (%)
Puberty (3 groups)
Boys
1 (Tanner 1) 175 (100) 4 (2.4)
2 (Tanner 2  3) 0 (0) 9 (5.4)
3 (Tanner 4  5) 0 (0) 154 (92.2)
Girls
1 (Tanner 1) 139 (72.4) 0 (0)
2 (Tanner 2  3) 53 (27.6) 13 (7.9)
3 (Tanner 4  5) 0 (0) 151 (92.1)
Mean (SD) Mean (SD)
Boys
n 175 167
Age 9.79 (0.39) 15.55 (0.36)
Weight 33.93 (6.15) 63.14 (9.89)
Height 139.83 (6.21) 173.88 (6.86)
BMI 17.26 (2.30) 20.82 (2.57)
HDL-cholesterol 1.54 (0.31) 1.30 (0.26)
LDL-cholesterol 2.57 (0.59) 2.31 (0.56)
HOMA-IR score 1.75 (1.28) 3.17 (2.14)
Triglyceride 0.79 (0.35) 0.96 (0.48)
Resting SBP 105.78 (7.27) 118.90 (11.37)
Resting DBP 63.25 (5.65) 63.42 (6.36)
W/kg 3.19 (0.58) 3.78 (0.56)
WC 57.97 (5.18) 70.86 (5.75)
Girls
n 192 164
Age 9.66 (0.38) 15.58 (0.46)
Weight 32.95 (6.26) 56.51 (8.06)
Height 138.45 (6.32) 164.70 (6.06)
BMI 17.09 (2.34) 20.81 (2.63)
HDL-cholesterol 1.46 (0.26) 1.36 (0.26)
LDL-cholesterol 2.72 (0.59) 2.41 (0.68)
HOMA-IR score 1.85 (0.97) 3.03 (1.42)
Triglyceride 0.87 (0.32) 1.04 (0.36)
Resting SBP 104.96 (7.00) 109.67 (7.87)
Resting DBP 63.12 (5.53) 64.58 (5.67)
W/kg 2.85 (0.49) 3.00 (0.51)
WC 57.72 (5.40) 67.65 (5.24)
BMI, body mass index, HDL, high-density lipoprotein; LDL, low-density
lipoprotein; HOMA-IR, homeostasis model of assessment of insulin resistance;
SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist
circumference.
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most of the previously studies that have examined associations
to exercise-induced BP responses, BP information at a single
exercise intensity (e.g., at fixed moderate exercise and peak
exercise, respectively). In the present study, however, we
examined the exercise SBP response by using all information
over a full range of workloads performed during a graded
maximal exercise test. We observed no significant joint effect
between HOMA-IR score and exercise workload, or between
BMI and exercise workload, when examining the relationship
with SBP response during exercise. This means that the rela-
tionships observed were not related to the level of exercise
performed, or in other words, the association between risk
factors and SBP response was stable across all workloads,
meaning that no certain degree of exercise workload at which
the relationships begins to occur could be identified.
Other studies that have examined whether the relationship
between CVD risk factors and exercise BP response must be
expected to be altered across the range of exercise workloads
Table 2. Workloads fully completed and exercise SBP and HR characteristics across age groups and sex during the graded
maximal cycle ergometer test
8- to 10-Yr-Old Children 14- to 16-Yr-Old Adolescents
n (%) n (%)
No. of completed workloads
Boys:
1 (3 min) 0 (0) 0 (0)
2 (6 min) 7 (4.00) 2 (1.20)
3 (9 min) 59 (33.71) 18 (10.78)
4 (12 min) 88 (50.29) 85 (50.90)
5 (15 min) 21 (12.00) 53 (31.73)
6 (18 min) 0 (0) 9 (5.39)
Girls:
1 (3 min) 0 (0) 0 (0)
2 (6 min) 17 (8.85) 8 (4.88)
3 (9 min) 117 (60.94) 55 (33.54)
4 (12 min) 58 (30.21) 78 (47.56)
5 (15 min) 0 (0) 23 (14.02)
6 (18 min) 0 (0) 0 (0)
n Mean (SD) n Mean (SD)
Boys
Total exercise time 175 728 (130) 167 837 (136)
Exercise SBP
3 min 175 113.94 (11.63) 167 138.53 (18.41)
6 min 171 123.57 (11.77) 164 154.24 (22.97)
9 min 167 132.50 (12.34) 165 169.37 (23.67)
12 min 110 141.23 (13.02) 147 179.04 (24.97)
15 min 21 149.71 (13.01) 64 183.78 (28.84)
18 min 9 209.78 (21.37)
Exercise HR
3 min 175 131.15 (15.16) 167 125.62 (15.01)
6 min 173 152.15 (16.98) 166 146.93 (14.76)
9 min 166 173.43 (15.89) 163 170.24 (13.57)
12 min 110 187.35 (12.14) 147 185.69 (10.30)
15 min 20 193.70 (7.67) 64 191.67 (7.93)
18 min 9 193.55 (8.20)
Peak exercise HR 175 198.41 (7.26) 167 198.17 (6.70)
Girls
Total exercise time 192 639 (109) 164 736 (131)
Exercise SBP
3 min 191 114.39 (12.19) 163 123.85 (14.06)
6 min 191 123.55 (12.05) 163 136.51 (15.99)
9 min 174 133.85 (13.28) 155 151.34 (16.65)
12 min 64 143.36 (14.18) 105 164.93 (16.65)
15 min 25 176.40 (16.91)
18 min
Exercise HR
3 min 192 138.61 (16.66) 163 130.47 (15.54)
6 min 192 161.35 (15.56) 163 154.29 (15.95)
9 min 175 183.81 (11.74) 156 176.13 (13.95)
12 min 62 195.81 (7.84) 103 188.20 (10.47)
15 min 24 195.62 (8.55)
18 min
Peak exercise HR 192 199.95 (7.06) 164 196.98 (7.64)
Mean (SD) values for total exercise time are in s; mean (SD) values for exercise SBP are in mmHg; and mean (SD) values for exercise heart rate (HR) and
peak exercise HR are in beats/min; n, no. of subjects. Generally, the SBP and HR responses to exercise differed across sex and age groups. For further
clarification, see text.
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performed have produced inconsistent results. A constant re-
lationship between levels of serum cholesterol and exercise
DBP response has been reported over the range of workloads
studied in adults (7), whereas the association between obesity
and exercise SBP response has been reported to increase as
well as decrease as the exercise test progressed, depending on
the age/sex characteristics of adults being examined (13).
The hormone insulin is known to accelerate the sympathetic
activation, meaning that insulin resistance, and the compensa-
tory hyperinsulinemia, has been linked with hypertension
through a possible maintained increased sympathetic nervous
system activity and renal sodium retention (16). Therefore,
impaired insulin sensitivity could be thought to affect the
regulation of SBP response during exercise by altering the
vascular tone through a changed and/or maintained norepi-
nephrine-induced pressor response.
Another proposed explanation for the inverse relation be-
tween exercise SBP and insulin sensitivity is through the
microvascular vasodilator capacity. Insulin resistance is be-
lieved to be associated with a defect in insulin’s capability via
the endothelium layer to modulate the nitric oxide system (3),
which is recognized as a key vasodilating agent capable of
regulating BP as a result of physical force (i.e., shear stress)
(50). Acute ergometer exercise increases coronary and sys-
temic blood flow and subsequently peripheral SBP in propor-
tion to the exercise intensity (22, 35). Thus, during exercise the
vasodilatation capacity of capillaries triggered through an in-
creased shear stress on the vascular endothelium surface be-
comes important for regulation of SBP and blood flow to
skeletal muscles, especially in the lower extremity. Therefore,
it might be speculated that a blunted microvascular vasodilator
response as an effect of the reduced insulin sensitivity is the
explanation for our findings. This is supported by studies
showing that insulin sensitivity is associated with endothelial
function, and that patients with type 2 diabetes have impaired
blood flow response to acute exercise (27, 33).
Interestingly, the association between HOMA-IR and SBP
response during exercise was independent of resting SBP and
highly significant. Thus the association between insulin sensi-
tivity and SBP might in fact become more prominent during
exposure to acute exercise as SBP under this condition possibly
will be even more dependent on the capacity of microvascular
vasodilatation and capillary recruitment compared with resting
conditions. A previous study conducted in essential hyperten-
sive men actually found that the group who showed an exag-
gerated BP response to exercise had significantly worse endo-
thelial function compared with the group that showed no
exaggerated response to exercise, despite similar ambulatory
and office BP (49).
Arterial vascular responses are characteristically altered with
hypercholesterolemia and atherosclerosis in adults (12, 14, 29).
However, atherosclerosis begins as early as in childhood and
associates with increased levels of total and LDL-cholesterol
(4), indicating that endothelial function can be impaired at an
early stage of life. Theoretically, exaggerated exercise SBP
could be related to an altered carotid baroreflex sensitivity
through a decreased arterial compliance as a result of athero-
sclerosis. However, we observed no associations between
blood lipids and SBP response during exercise.
Other studies have found children with high LDL-choles-
terol levels to have significantly higher SBP and DBP imme-
diately before and after a treadmill exercise, as well as at the
end of postexercise recovery (24). These findings were ob-
served in children with severely elevated levels of LDL-
cholesterol. Comparison with results observed in normal chil-
dren is therefore difficult. It is likely that severely unfavorable
levels of blood lipids are necessary to impair the regulation of
BP during exercise.
In the present study we found BMI but not waist circumfer-
ence to be related to the SBP response during exercise in boys.
Although the relation was not highly significant it only
changed slightly when additionally adjusting for HOMA-IR
score, indicating that BMI and insulin sensitivity indepen-
dently of each other associate to the SBP response during
exercise. These independent associations have previously been
described in relation to resting BP (45), although the relation
between body composition and SBP also has been reported to
disappear after adjustment for insulin sensitivity (17). Epide-
miological data support a close association between obesity,
Table 4. Associations between CVD risk factors and SBP
response during a graded maximal bicycle ergometer test
in boys when HOMA-IR score and BMI are added in the
same model
Model 1 (CVD risk)
 P
Boys
HOMA-IR score 0.91 0.004*
BMI 0.43 0.08
 is the unstandardized regression coefficient from a mixed model. Model 1,
main effect of CVD risk factors on SBP response level. Model adjusted for
workload, age, exercise heart rate, height, school grade, resting SBP, test-
protocol. Workload  grade and workload  resting SBP also kept in the
model as covariates. *Significant value.
Table 3. Associations between various single CVD risk
factors and SBP response during the graded maximal
bicycle ergometer test
Model 1 (CVD Risk)
Model 2 (Workload 
CVD Risk)
 P  P
Boys
HOMA-IR score 1.03 0.001* 0.07 0.170
Triglyceride 0.79 0.538 0.21 0.292
HDL-cholesterol 0.34 0.854 0.43 0.132
LDL-cholesterol 0.60 0.511 0.08 0.596
W/kg 0.94 0.353 0.06 0.714
WC 0.15 0.196 0.01 0.460
BMI 0.58 0.017* 0.03 0.461
Girls
HOMA-IR score 0.61 0.130 0.009 0.875
Triglyceride 0.24 0.861 0.21 0.293
HDL-cholesterol 0.43 0.811 0.40 0.130
LDL-cholesterol 0.73 0.317 0.02 0.824
W/kg 3.13 0.002* 0.10 0.477
WC 0.05 0.621 0.004 0.783
BMI 0.02 0.918 0.02 0.598
 is the unstandardized regression coefficient from a mixed model. Model 1,
main effect of cardiovascular disease (CVD) risk factors on SBP response
level; model 2, interaction effect on SBP response across workloads. Models
are adjusted for workload, age, exercise HR, height, school grade, resting SBP,
and test protocol. Workload  grade and workload  resting SBP also kept in
the model as covariates. *Significant values.
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insulin resistance, hyperinsulinemia, and hypertension (30, 32),
although there is evidence that humans who suffer from essen-
tial hypertension can have insulin resistance and hyperinsulin-
emia even in the absence of obesity (5).
At least these two risk factors (i.e., adiposity and insulin
sensitivity) to some extent appear to influence BP through
similar pathways. This is supported by previous work in
children suggesting that obesity associates to impaired endo-
thelial function (46). However, the fact that the effect sizes as
well as the levels of significance only changed slightly when
HOMA-IR score and BMI were added in the same model
indicated that the effect of one parameter on exercise SBP
response is not likely explained solely by a mediated effect of
the other.
On the other hand, it should be noted that in the present
study we relied on a simple indirect measure of body fat and
body composition feasible in large-scale population studies.
Problematic in particular is the fact that BMI ignores the fact
that muscle tissue rather than fat tissue may contribute to an
excessive body weight relative to height. Therefore, it could be
speculated that not all residual variance explained by obesity
actually will be accounted for when controlling for BMI.
It is currently unknown how obesity and insulin sensitivity
separately from each other influence SBP. Further research is
warranted to elucidate these observations.
We found insulin sensitivity and adiposity to be related to
exercise SBP response in boys but not in girls. Sex differences
in exercise BP response and its association with CVD risk
factors could be related to both physiological and hormonal
differences in cardiovascular response to exercise. Although
the mechanisms responsible for the sex differences in BP
control are not clear, there is significant evidence that andro-
gens, such as testosterone, and estrogens play an important role
in sex-associated differences in BP regulation. Estrogen has
been shown to stimulate nitric oxide production (52), meaning
that estrogen at least partly could help optimize exercise SBP
response through some of the same mechanisms and pathways
known to be upregulated in subjects with more favorable levels
of insulin sensitivity and body fatness. Testosterone, on the
other hand, is believed through an interaction with the renin-
angiotensin system to increase oxidative stress, leading to
increased vascular tone by quenching of nitric oxide (40).
Usually high levels of aerobic performance have been linked
to a reduced risk status and improved health, also in children
and youth (2, 6, 15), and in adults exercise BP has previously
been found to rise more promptly in unfit individuals compared
with fit individuals (36). Furthermore, Kokkinos and colleges
(26) previously found that the odds ratio for development of an
exaggerated rise in exercise SBP among normotensive low-fit
women was almost double that among the high-fit women.
Therefore, we were rather surprised by the finding in the
present study of a positive relationship between aerobic fitness
and SBP response during exercise in girls. When looking
further into this result post hoc, a significant interaction (P 
0.01) between aerobic fitness and school grade was revealed.
When stratified analyses were performed across school grade
post hoc, a significant association was observed between aer-
obic fitness and SBP response during exercise only in ninth-
grade girls (  5.09 and P  0.001), meaning that the mean
increase in exercise SBP was 5.09 mmHg per W/kg increase in
the maximal level of aerobic performance. No association with
aerobic fitness was observed in third-grade girls when analyses
were stratified according to grade (  0.99 and P  0.434).
Despite that no significant interactions were observed be-
tween exercising workload and watts per kilogram, we hypoth-
esized that a somehow altered SBP response to substantially
high levels of exercise performance and/or a less marked
motivation to complete a progressive maximal cycle test until
total exhaustion among some subjects could have biased our
results across levels of fitness in the ninth-grade adolescent
girls. However, post hoc analyses did not lead to any changed
conclusion regarding the association between maximal aerobic
fitness and exercise SBP response when only including the first
two or three workloads in the analysis (data not shown).
It is difficult to come up with physiological theories explain-
ing this association, and the result remains as an unexplainable
phenomenon for us. Therefore, until this result is replicated in
other studies we are tempted to believe that our observation is
a result of a random finding, despite the high level of signifi-
cance.
Limitations and Strengths
The present study has some limitations. First, although the
random-zero sphygmomanometer has been used in many epi-
demiological studies in both children and adults, some sources
of bias with measurement of SBP during exercise have been
reported, ascribed to observer and the instrument itself (19),
and invasive methods must be considered as being more
precise. We did not assess the reproducibility of measuring
exercise BP, but studies conducted previously have stated that
manual spygmomanometry-derived SBP during exercise
shows good reliability (25, 54). The measurement error of
exercise SBP is unlikely to be related to the CVD risk factor
levels and will therefore not lead to systematic biased mea-
surements. It will, however, potentially influence our power to
detect significant associations between risk factors and exercise
SBP.
Second, comparison between SBP during resting state and
exercise should be made with caution since the manual Hawk-
sley random-zero sphygmomanometer on average has been
found to underestimate SBP by 6.45 mmHg in young adults
compared with the automatic Dinamap monitor (20). The
difference in SBP between the two instruments was found to be
independent of the BP level, however, meaning that nonbiased
reduction of residual variance should be expected when con-
trolling for resting SBP in the analyses performed in the
present study.
Third, our sample consisted of third-grade children and
ninth-grade adolescents from Denmark, almost exclusively
Caucasians, which of course makes generalizability to other
age groups and ethnic populations unknown.
Strengths in this study included the examination of possible
relationships between a wide range of conventional CVD risk
factors and SBP response during exercise while adjusting for a
number of important covariates. Furthermore, we studied these
relationships in a large sample of randomly selected children
and adolescents where the sampling frame was a complete list
of public schools in the community of Odense (Odense is the
third largest city in Denmark). Compared with the National
Statistic Registry, the distribution of both educational level and
income of the parents was representative of Denmark.
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We used HOMA-IR score as a measure of insulin sensitiv-
ity. A recent study highlighted that the HOMA-IR score
provided a better indication of clustered cardiovascular risk
factors among young adults than an oral glucose tolerance test,
indicating that fasting HOMA-IR score might provide a better
indication of insulin resistance until beta-cell function is re-
duced (1).
BP response during exercise was assessed by the use of a
reliable graded bicycle ergometer test, which was performed
until exhaustion. This test has been validated with a high
association (r  0.92 in 3rd-grade children and r  0.96 in
9th-grade adolescents) against directly measured maximal ox-
ygen uptake (41).
In conclusion this study reveals that HOMA-IR score and
BMI are positively related to the SBP response during acute
exercise at an early stage in life in male children and youth.
Furthermore, this study indicates that insulin sensitivity and
adiposity may influence exercise SBP through different mech-
anisms. It is plausible that impaired insulin sensitivity and
excess body fat primarily will cause exaggerated SBP response
during exercise through an impaired ability to reduce total
peripheral resistance related to early structural vascular
changes.
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